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12.  AVCO LYCOMING/NASA CONTRACT STATUS 
Larry C. Duke 
Avco Lycoming 
Williamsport, Pennsylvania 
Avcc Lycoming and Teledyne Continental  are cooperating w i t h  the  
NASA L e w i s  Research Center i n  a study of ways t o  reduce emissions 
from a i r c r a f t  p i s t o n  engines. This  study i s  based on t h e  standards 
promulgated by t h e  Environmental P ro tec t ion  Agency (EPA) f o r  carbon 
monoxide (CO) , unburned hydrocarbon (HC) , and oxides-of-nitrogen (NO,) 
emissions. 
motive industry and a l s o  on p r a c t i c a l  experience. For example, 1973 
and 1974 c a r s  experience a c c e l e r a t i o n  problems, p a r t i c u l a r l y  i n  ac- 
c e l e r a t i n g  from s t o p l i g h t s .  Simple leaning procedures and spark ad- 
vance changes were ru l ed  out as s u i t a b l e  emission reduct ion methods. 
Our pas t  experience showed t h a t  these methods can cause h e s i t a t i o n  
problems. And when t r i e d  by t h e  automotive indus t ry ,  leaning pro- 
cedures degraded f u e l  economy t o  a c e r t a i n  extent. These f a c t o r s ,  
plus  concern f o r  diminishing f u e l  reserves, emphasize t h e  importance 
of t h e  ob jec t ives  set f o r t h  i n  t h e  NASA Request f o r  Proposal (RFP). 
W e  drew on many concepts t h a t  have been used i n  t h e  auto- 
The con t r ac t  c a l l e d  f o r  design and t e s t i n g  of a i r c r a f t  p i s t o n  en- 
gines t o  determine t h e  e f f e c t s  of hardware changes on exhaust e m i s -  
s i ons ,  f u e l  consumption, s a f e t y ,  weight, performance, ma in ta inab i l i t y ,  
and so f o r t h .  S p e c i f i c a l l y ,  t h e  inves t iga t ion  w a s  designed t o  docu- 
ment po l lu t an t  y i e l d s ,  namely unburned hydrocarbons, CO, and NO,, 
from a i r c r a f t  p i s t o n  test engines. These engines would be modified 
t o  include a major redesign of t h e  engine as w e l l  as two r e l a t i v e l y  
minor changes. The RFP w a s  a l i t t l e  broader than t h a t ;  i t  allowed 
more than two minor changes t o  be made t o  t h e  engines. W e  have com- 
bined two minor concepts i n t o  one t o  make a v i a b l e  system i n  i t s e l f .  
Also, w e  wanted t o  document t h e  e f f e c t s  of t h e s e  changes on f u e l  con- 
sumption and t o  look a t  s a f e t y ,  c o s t ,  weight, and t h e  o t h e r  s i g n i f i c a n t  
f a c t o r s .  F ina l ly ,  we  wanted t o  e s t a b l i s h  some ope ra t iona l  l i m i t s  i n  
which these  concepts may be used s a f e l y  and i n  good engineering prac- 
t i c e .  
An in-house study reduced our  o r i g i n a l  10 concepts t o  t h r e e  t h a t  
we considered worthy of f u r t h e r  t e s t i n g  and inves t iga t ion .  The f i r s t  
concept, a major one, w a s  v a r i a b l e  valve timing. High-power, high- 
speed engines such as TIGO-541, which i s  r a t e d  a t  450 horsepower and 
3200 rpm, have high valve overlap.  Bringing t h a t  engine back t o  i d l e  
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o r  off-speed condi t ions from t h a t  ra ted  power s e t t i n g  causes too much 
valve overlap and shor t  c i r c u i t i n g  of t h e  in take  charge. The r a w  f u e l  
coming i n t o  t h e  engine thus goes d i r e c t l y  i n t o  t h e  exhaust. As men- 
t ioned i n  an earlier paper, t h e  higher power turbocharged engines were 
over t h e  EPA hydrocarbon l imf t s .  A breakdown of t he  emissions con- 
t r i bu ted  by each mode shows t h a t  most of t h e  hydrocarbons come from 
the  t a x i  mode, which is  e s s e n t i a l l y  a low-power mode where t h e  e f f e c t  
of high valve overlap i s  very pronounced. A var i ab le  valve timing sys- 
t e m  allows t h e  timing t o  be optimized a t  each power condition. A t  
i d l e / t a x i  condi t ions t h e  timing can be optimized f o r  emissions cont ro l .  
A t  c r u i s e  condi t ions,  which are a l s o  considered i n  component develop- 
ment, t h e  timing can be optimized t o  produce fuel- lean condi t ions with- 
out t h e  need t o  compromise as much f o r  t he  power condi t ion.  
Two minor concepts w e r e  a l s o  considered. One w a s  u l t r a son ic  f u e l  
atomization. This concept i s  d i r ec t ed  uniquely t o  carbureted engines. 
Some carbureted engines have cylinder-to-cylinder d i s t r i b u t i o n  prob-' 
l e m s  a t  p a r t  t h r o t t l e .  The cylinder-to-cylinder d i s t r i b u t i o n  of a i r  
ac tua l ly  makes t h e  engine run i n  condi t ions t h a t  are not i d e a l  f o r  i t .  
One cy l inder  may be running lean ,  and another one r i c h .  Therefore, i n  
c r u i s e  condi t ions,  when the  p i l o t  is "leaning out'' t o  ob ta in  f u e l  
economy, he w i l l  e s s e n t i a l l y  be l imi ted  by the  leanes t  cy l inder  i n  the  
engine, t h a t  is, t h e  one t h a t  starts t o  g e t  rough f i r s t .  That cyl inder  
w i l l  l i m i t  how much he  can l e a n  out and thus l i m i t  f u e l  economy. I n  
t h e  u l t r a son ic  atomization concept, b e t t e r  breakup of t h e  f u e l  should 
d i s t r i b u t e  f u e l  d rop le t s  more evenly, o r  minimize the  quant i ty  of l a r g e  
f u e l  drople t s ,  and a c t u a l l y  d i r e c t  them o r  allow them t o  flow with the  
airstream t o  each cy l inder .  
The second minor change w e  considere'd w a s  t o  t h e  i g n i t i o n  system, 
where several changes were combined i n t o  one concept. 
multiple-spark discharge system, bas i ca l ly  a modified magneto, w a s  
combined with spark plug t i p  pene t ra t ion  tests. A t  low power, igni-  
t i o n  of t h e  in t ake  charge i s  not always as good as desired.  
i g n i t i o n  w i l l  not only lower both CO and hydrocarbon emissions but 
a l s o  improve f u e l  economy. 
A high energy, 
Better 
VARIABLE VALVE T I M I N G  SYSTEM 
Each concept has gone through i t s  i n i t i a l  design s tage .  Figure 
12-1 shows a product of t h e  i n i t i a l  design s t age  of t h e  va r i ab le  valve 
timing system. This is  the  camshaft of t h e  engine, which is e s s e n t i a l l y  
t h e  hea r t  of t h e  va lve  timing system. Bas ica l ly ,  t he  camshaft i s  made 
of two concentr ic  sha f t s .  There are two d i sks  with several holes  i n  
them a t  the  r i g h t  end of t he  sha f t .  One d i s k  is  connected t o  the  inner  
s h a f t  and one i s  connected t o  t h e  outer  s h a f t  through a sequence of 
holes.  The pos i t i ons  of these  two s h a f t s  czn ac tua l ly  be changed with 
respect  t o  one another.  One s h a f t  has pinned t o  it a l l  t he  in t ake  
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lobes of t h e  camshaft. 
haust lobes of t h e  camshaft. 
sha f t s :  one con t ro l l i ng  exhaust lobes,  one con t ro l l i ng  in t ake  lobes.  
The intake-to-exhaust-valve overlap can be var ied  by tufn ing  t h e  
s h a f t s  relative t o  one another.  I n  a s tandard engine, camshafts pro- 
duce valve overlaps of about 35 t o  50 s h a f t  degrees.  The va r i ab le  de- 
s ign  allows t h e  overlap t o  be va r i ed  from e s s e n t i a l l y  no overlap,  t o  a 
degree o r  so of overlap,  t o  about half  again as much as t h e  standard 
overlap.  This i s  a f a i r  range (approx 70 crankshaft  degrees),and by 
a simple c u t t i n g  o r  remachining process t h a t  range can be extended a 
l i t t l e  f u r t h e r .  
The ou te r  s h a f t  has pinned t o  i t  a l l  t h e  ex- 
So e s s e n t i a l l y  w e  have two concentr ic  
A t  the  l e f t  end of t h e  camshaft ( f ig .  12-1) i s  another set of 
The 
disks .  These d i sks  are a l s o  connected t o  two concentr ic  sha f t s :  one 
d i r e c t l y  t o  the  d r i v e  gear ,  the  o ther  t o  t h e  camshaft proper. 
gear i n  t h e  accessory housing of t h e  engine is the  a c t u a l  dr iv ing  gear 
f o r  t h e  camshaft. Changing the  pos i t i on  of one of these d i sks  changes 
the  timing of t he  opening of t h e  in take  valve.  Both the  in take  and ex- 
haust valve openings can be s h i f t e d  r e l a t i v e  t o  t h e  engine timing. The 
f i r s t  set of d i sks  regula tes  t h e  occurrence of the  valve ac t ion ;  t h e  
second set r egu la t e s  t he  r e l a t i v e  ac t ion  of one valve t o  t h e  o the r .  
This va r i ab le  valve timing system is  now being incorporated i n t o  
an engine. This engine w i l l  i n i t i a l l y  be t e s t e d  on a dynamometer. 
Since i t  i s  a new type of engine, some work must be done on i t  p r i o r  t o  
emissions and performance t e s t i n g .  Essen t i a l ly ,  w e  have t o  run through 
a to r s iona l  survey t o  ensure t h e  i n t e g r i t y  of t h e  dynamic r o t a t i n g  sys- 
t e m .  
Variable valve timing i s  a major redesign of t h e  engine, and as is 
evident from t h e  type of f ab r i ca t ion ,  i t  is  not  an automatical ly  con- 
t r o l l e d  system. Because df t he  s l i p  disks ( the  ones with t h e  p ins  i n  
them), t he  engine must be physical ly  stopped, changed t o  t h e  next con- 
d i t i o n ,  and then s t a r t e d  again t o  ge t  s eve ra l  da t a  poin ts .  The var i -  
ab l e  overlap d i s k  a c t u a l l y  protrudes from t h e  f r o n t  of t h e  engine, 
while t h e  va r i ab le  timing d i sk  is  i n  the  accessory housing a t  the  rear 
of t h e  engine. Further  development programs i n  t h i s  NASA-funded e f f o r t  
w i l l  examine ways of automating t h i s  system once t h e  optimum condi t ions 
and timing are defined. 
I 
ULTRASONIC F'IJEL ATOMIZATION 
The second concept t h a t  w e  are studying i s  u l t r a son ic  f u e l  atomiza- 
t ion.  The atomizer has been adapted t o  a ve r t i ca l -d ra f t  engine. It 
system is contained wi th in  t h e  o i l  sump. 
on an  Autotronics Control Corporation engine. 
the  carburetor  and the  sump i n  t h i s  development s t age  and is  cont ro l led  
I b o l t s  t o  t h e  o i l  sump and in take  arrangement. The in t ake  d i s t r i b u t i o n  
Figure 12-2 shows t h i s  adaption 
The atomizer f i t s  between 
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by a separa te  d r ive  power u n i t  t h a t  is mounted elsewhere on t h e  test 
stand. 
u r e  12-2 as t h e  c i r c u l a r  tube protruding toward t h e  g l a s s  window. A 
power d r i v e  u n i t  mounted on t h e  s i d e  opposi te  t h e  window v i b r a t e s  t h e  
tube at u l t r a son ic  f requencies ,  
d i r ec t ed  onto t h e  tube by two venturi-type wedges t h a t  are mounted 
i n s i d e  t h e  u l t r a s o n i c  atomizer. 
t h i s  tube,  be atomized by the  u l t r a son ic  a c t i o n  of t h e  tube, and then 
continue i n t o  t h e  sump i n  a normal manner and ou t  t o  each in t ake  pipe.  
I n  f u r t h e r  development work, i f  t he  concept seems beneficial.,  t h i s  
engine-atomizer combination w i l l  be  appl ied t o  a cur ren t  a i r c r a f t  de- 
s ign.  That is, t h e  sump w i l l  be  modified so t h a t  t he  u l t r a son ic  atom- 
i z e r  can f i t  i n t o  it. Then t h e  carburetor  can be returned t o  i t s  
standard loca t ion  so t h a t  t h e  o v e r a l l  physical  s i z e  of t h e  engine w i l l  
remain the  same. 
The atomizer is  about 4 inches long and is v i s i b l e  i n  f ig -  
Fuel coming from the  carburetor  is 
Any l a r g e  f u e l  d rop le t s  should h i t  
Of course,  t h i s  is s t i l l  f a r  i n  the  fu tu re .  So f a r ,  we have 
t e s t e d  t h i s  engine-atomizer combination on a dynamometer. 
t he re  has  been no de ta i l ed  ana lys i s  y e t ,  t h e  v e n t u r i  wedges seem t o  be 
l imi t ing  t h e  f u l l - t h r o t t l e  manifold pressure,  causing a penal ty  i n  
power output on the  order  of 3 percent.  W e  expected a penal ty  but 
wanted t o  make su re  of i t s  magnitude. A s  examination of brake s p e c i f i c  
f u e l  consumption on t h e  dynamometer test  showed t h a t  t h e  f u e l  consump- 
t i o n  c h a r a c t e r i s t i c s  have remained unchanged. However, t he re  w e r e  some 
ind ica t ions  of improved cylinder-to-cylinder d i s t r i b u t i o n .  No f i n a l  
conclusions on t h i s  w i l l  be made u n t i l  a f t e r  emissions t e s t i n g  has been 
performed. 
up i n  emissions t e s t i n g  but  may not be r e f l e c t e d  e i t h e r  i n  f u e l  consump- 
t i o n  o r  power measurements. Thus, t h e  u l t r a son ic  f u e l  atomization con- 
cept  i s  halfway through i t s  development s tage .  
Although 
Fine tuning cylinder-to-cylinder d i s t r i b u t i o n  should show 
I G N I T I O N  SYSTEM CHANGES 
The f i n a l  concept is i g n i t i o n  system changes. 
a s tandard spark plug used i n  a i r c r a f t  p i s ton  engines. 
philosophy t h a t  w a s  used is apparent.  
s m a l l  cove adjacent  t o  t h e  combustion chamber but  protected from t h e  
combustion chamber i t s e l f .  
detonat ion and high-power running tests, where it w a s  found t h a t  pro- 
j e c t i n g  the  spark plug t i p  too f a r  i n t o  the  chamber could cause detona- 
t ion .  The spark plug loca t ion  i s  a l s o  d i c t a t ed  by t h e  physical  space 
ava i l ab le  t o  i n s t a l l  it. However, i t  may be t h a t ,  by pro jec t ing  the  
nose core forward i n t o  t h e  chamber, detonat ion can be used t o  provide 
both lower emissions and g rea t e r  f u e l  economy. Cer ta in ly ,  a t  low- 
power condi t ions where t h e  combustion chamber pressures  are not high 
and t h e r e  i s  appreciable  exhaust gas d i l u t i o n ,  a spark plug t h a t  does 
not protrude s u f f i c i e n t l y  i n t o  t h e  combustion chamber cannot provide 
an e f f e c t i v e  spark t o  t h e  gases i n  the  chamber. 
Figure 12-3 shows 
The design 
The spark plug i s  ac tua l ly  i n  a 
This  design c r i t e r i o n  w a s  developed i n  
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Figure 12-4 shows t h e  nose core extended so t h a t  i t  begins t o  pro- 
ject i n t o  the  combustion chamber proper. Figure 12-5 shows t h e  nose 
core extending f u r t h e r  i n t o  t h e  combustion chamber. This is a proto- 
type system on which s u b s t a n t i a l  work w i l l  be  required.  
problems have been i d e n t i f i e d  i n  t h e  p a s t ,  and w e  are reexamining them 
t o  see where detonat ion and emissions reduct ion can be traded o f f .  
The i g n i t i o n  system i s  t o  t h e  po in t  where t h e  engine i s  b u i l t  and ready 
t o  run as soon as a test: stand is  ava i l ab le .  
Detonation 
CONCLUDING REMARKS 
When w i l l  t he se  innovations be a v a i l a b l e  commercially? They are 
They are f a i r l y  r a d i c a l  systems, d i f f e r e n t  a l l  "down t h e  road" i t e m s .  
from standard p r a c t i c e ,  and r e q u i r e  much in-service t e s t i n g  t o  f u l l y  
assess them. Figure 12-6 is  a schedule showing roughly when each of 
t hese  systems might come i n t o  use. 
two p a r t s :  t h e  major concept, v a r i a b l e  valve timing; and t h e  two minor 
concepts together ,  u l t r a s o n i c  f u e l  atomization and i g n i t i o n  system 
changes. The NASA con t r ac t  is  s t ruc tu red  as a 3-year program. The 
program s t a r t e d  i n  October 1975 and w i l l  continue t o  August o r  Septem- 
ber  1978. I n  t h a t  period, component development tests w i l l  have 
brought t hese  concepts t o  a po in t  where they are app l i cab le  t o  air- 
c r a f t .  Ce r t a in ly ,  a major amount of engine development w i l l  b e  re- 
quired af ter  t h e  NASA con t rac t  i s  completed, e s p e c i a l l y  on the  major 
concept. This concept w i l l  need t o  be endurance t e s t e d  so t h a t  i t  can 
be c e r t i f i e d  as v i a b l e  f o r  usg i n  an a i r c r a f t .  
t i o n a l  in-house work w i l l  be needed t o  make s u r e  t h a t  every parameter 
is  covered and t h a t  t h e  system compensates f o r  t h e  v a r i a b l e  valve t i m -  
ing automatically.  This  w i l l  r equ i r e  an  engine c e r t i f i c a t i o n  program 
including anautomatic c o n t r o l  system. D i f f i c u l t  problems w i l l  have t o  
be s tudied and solved. For t h e  minor concepts, a f a i r l y  s h o r t  period 
of about an  a d d i t i o n a l  1 /2  year w i l l  be  needed f o r  engine c e r t i f i c a t i o n .  
Next, t hese  concepts w i l l  be service t e s t e d  and then c e r t i f i e d  i n  
manufacturers'  a i r f rames.  The major concept w i l l  r equ i r e  a new air- 
craft design, e s p e c i a l l y  i n  t h e  cowling area. The las t  s t e p  w i l l  be  
production release, production tool ing,  and a c t u a l  marketing of t h e  
product. 
The program has been divided i n t o  
1 About 2 7 y e a r s  of addi- 
I n  conclusion, f o r  t h e  minor concepts, i t  w i l l  be perhaps 1982 o r  
1983 before  e i t h e r  i s  on t h e  market. For t h e  v a r i a b l e  valve timing 
system, which i s  a r a d i c a l  change, i t  w i l l  b e  1986 o r  1987 before  i t  
w i l l  be a v a i l a b l e  commerically. O f  course, t h i s  is  merely a rough 
estimate of t h e  t i m e  needed t o  develop these  concepts. 
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DISCUSSION 
COMMENT - E. Kempke: 
of concepts t h a t  are being pursued i n  these  two cont rac ts .  
concepts we feel e x h i b i t s  good p o t e n t i a l  bene f i t s .  
k inds of work wi th  no assurances of success but  t h e  p o t e n t i a l  b e n e f i t s  
are t h e r e  and w e  f e e l  t h a t  t h e  wide v a r i e t y  of concepts should g i v e - u s  a 
good assessment of where t h e  technology s tands  wi th  regard t o  making im- 
pac t s  on t h e  reduct ion of emissions i n  t h e  fu tu re .  
NASA is  extremely pleased with t h e  wide v a r i e t y  
Each of the 
They're chal lenging 
Q -  
A -  
Q -  
A -  
Q -  
H. Nay: The implementation development schedule you showed had 
q u i t e  a number of engines: If one of t hese  concepts, e i t h e r  t h e  
major concept o r  one of t h e  minor ones, appears t o  be a t t r a c t i v e  
and you want t o  implement it, are t h e  saying you can r e c e r t i f y  
a l l  of your engines i n  t h a t  period of t i m e ?  
L. Duke: No, t h a t ' s  a good poin t  which T f a i l e d  t o  br ing out .  A s  
you can see, these  concepts are r e a l l y  designed toward a s p e c i f i c  
engine - e i t h e r  a carbureted type or a unique engine. I've t r i e d  t o  
ca r ry  the  theme implying t h a t  a l l  of t hese  implementations are going 
t o  be designed along those  s e e  l i n e s  as .tf f o r  one s p e c i f i c  engine. 
This i s  e spec ia l ly  t r u e  f o r  t h e  va r i ab le  valve timing system where 
w e  f e e l  t h a t  each system w i l l >  have t o  be developed on its own f o r  
each p a r t i c u l a r  engine o r  enging model. 
g ine  out  you can start  shr inking '  t hese  implementation schedules, 
but  e s s e n t i a l l y  t h i s  i s  one engine class type. 
Af te r  you g e t  t h e  f i r s t  en- 
H. Nay: How many bas ic  types of engines front a sepera te  development 
s tandpoint  are you looking a t ?  
production but  those break down i n t o  s p e c i f i c  configurat ions as 
a f fec t ed  by emissions, types,  changes, ete. \vow many d i f f e r e n t  
classes relative t o  t h a t  c r i t e r i o n ?  
L. Duke: We have approximately 25) Type C e r t i f i c  s (TC's), 
which would cover engines from carbureted up t o '  
geared. I f  you want t o  d iv ide  them i n t o  four  o r  classes, you 
could say of t h e  order  of f i v e  o r  six engines may be covered by one 
type of concept. 
I: know you have some 384 models i n  
charged 
H. Nay: Am I co r rec t  i n  concluding t h a t  t h e r e  would be 29 separa te  
c e r t i f i c a t i o n  programs required and varying amounts of development 
leading up t o  t h e  establishment of t he  configuTacion t h a t  you're 
going t o  c e r t i f i c a t e  under those 29 TC's? \ 
A - L, Duke: T h a t ' s  r i g h t ,  
COMMENT - N, Nay: 
a i r f r a m e / a i r c r a f t  Ce r t i f i ca t ion .  
a i r c r a f t .  
64 sepa ra t e  and d i s t i n c t  a i r c r a f t  involved. 
I j u s t  might expand r i g h t  here  and t a l k  about t h e  
The bar t h a t  you show represents  an  
There &e., as f a r  as t h e  indus t ry  is  concerned, about 
Q -  
A -  
Q -  
A -  
H. Nay: 
velopments on a t i m e  schedule bas i s .  
a i r c r a f t  engines. 
r e c e r t i f i c a t e  a year  i f  you had a l l  the  b a s i c  technology i n  hand and 
had it developed and proven f o r  one of t hese  major concepts on an  
engine? 
S. Jedrziewski:  I would say a maximum of 2, and t h a t  would r e a l l y  
be pushing i t .  
M r .  H e h s  made t h e  poin t  about t h e  capac i ty  of handling de- 
L e t ' s  t a l k  about your 29 TC 
How many engines would you estimate you could 
H. Nay: Xn o the r  words, i f  t h i s  was  t h e  only th ing  in-house, so t o  
speak, you could do about 2 a year? 
L. Duke: Right. 
COMMENT - H. Nay: That ties i n  p r e t t y  w e l l  wi th  t h e  air f rame p a r t  of t h e  
thing. I've had conversat ions with M r .  H e l m s  and M r .  Rgmbleski and we 
looked at t h i s  f n  t h e  p a s t  i n  some d e t a i l .  Tn each of t h e  major a i r c r a f t  
d iv i s ions  w e  f igured  that we could do about 2 t o  m y b e  a maximum of 3 
TC's wi th  some considerable  expansion of f a c i l i t i e s  and c a p a b i l i t i e s .  
We are t a lk ing  b a s i c a l l y  about a 10-year cyc le  f o r  t he  indus t ry  t o  g e t  
up t o  d a t e  on a major change of t h i s  type. 
Q -  
A -  
Q -  
A -  
Q -  
W. Westfield: On u l t r a son ic  f u e l  vaporPzation, you s a i d  that you 
had seen some improvement i n  cy l inder  t o  cy l inder  d i s t r i b u t i o n .  Is 
t h i s  on an a c t u a l  engine o r  on a flow-type r i g ?  
L. Duke: This w a s  on t h e  a c t u a l  engine on t h e  dynamometer. It w a s  
not emissions da ta ,  but  i t  w a s  based on exhaust temperature data .  
It showed less of a spread ind ica t ing  some b e t t e r  improvement i n  
cy l inder  t o  cy l inder  d i s t r ibu t ion .  Before w e  make t h e  f i n a l  assess- 
ment, w e ' l l  have t o  test i t  on an  emissions s tand where w e  are 
planning t o  do cy l inder  t o  cyl inder  d i s t r i b u t i o n  s tud ie s .  
W. Westfield: Could you descr ibe  how you do cy l inder  t o  cy l inder  
s t u d i e s  o the r  than by the  temperature pa t t e rns?  
L. Duke: 
but ion i n  a i r c r a f t  work we're ta lk ing  about cy l inder  head tempera- 
t u r e s  and where t h e  maximum temperatures of each cy l inder  occur 
with respec t  t o  fue l -a i r  r a t i o .  That i s  an ind ica t ion  of what t h e  
cy l inder  t o  cy l inder  d i s t r i b u t i o n  is i f  you want a macroscopic view. 
When we go t o  t h e  test stand, we're t a lk ing  about looking a t  cy l inder  
t o  cy l inder  d i s t r i b u t i o n s  wi th  exhaust a n a l y s i s  equipment. These are 
microscopic analyses.  
intent is t o  c o r r e l a t e  t h e  two. 
Generally when we talk about cy l inder  t o  cy l inder  d i s t r i -  
We are taking measurements both ways and our 
I). Page: I understand t h e  va r i ab le  valve p ro jec t  is d i r ec t ed  p r i -  
mari ly  toward t h e  turbo supercharged engine i n  order  t o  reduce hydro- 
carbons. This approach is addressing only a p a r t  of the problem on a 
c e r t a i n  class of engine. This concept w i l l  have t o  be in tegra ted  i n t o  
t h e  e n t i r e  family of engines, which i n  turn must be in t eg ra t ed  i n t o  
t h e  e n t i r e  family of a i rp lanes .  
of cooperation wi th in  t h e  entire industry.  
what you expect t o  do and where you expect t o  come out?  
It's going t o  involve a l a r g e  amount 
Have you any comments on 
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A - L. Duke: You've made a poin t  t h a t  t hese  concepts are not intended 
t o  s a t i s f y  emission limits. They a 
i ts  but  the concept by i t s e l f  w i l l  
cy l inder  t o  cy l inder  d i s t r i b u t i o n  
make a carbureted engine m e e t  t he  
cont r ibu t ion  t o  general  a v i a t i o n  i 
so that anything that we do i n  t h i  
p l i c a b l e  t o  anyone who wants t o  us 
COMMENT - L. H e l m s :  H e  raises an  exce 
it 's evident  that a c e r t a i n  amount of 
throughout t h e  last 2 days because t h i  
be, emissions. 
s ions  t o  o the r  items which are c lassed  wi th  equal  p r i o r i t y  by o ther  
equal ly  i n s i s t e n t  governmental o f f i ces .  Sometimes T'm of t en  s t ruck  by 
t h e  var ious  o f f i c e s  t h a t  c l o i s t e r  themselves i n  t h e i r  own environment. 
W e  i n  indus t ry  are being cont inua l ly  pressed very  hard f o r  f u e l  con- 
serva t ion  e f f i c i ency ,  which is i n  tune wi th  leaning. There are some 
indiv idua ls  who imply t h a t  w e  can aerodynamically cool  t h e  engtne. How- 
ever, you have t o  consider that more cooling a i r  means a l a r g e r  cowling, 
which means more drag i n  c ru i se ,  and thus poor f u e l  economy. I men- 
t ioned yesterday t h a t  increase  i n  drag a l s o  reduces our rate of climb 
and pu t s  us  down t o  t h e  poin t  where we can ' t  make the  84 dB curve f o r  
noise .  Now we're back t o  t h e  same pos i t l on  with EPA on noise.  We say 
t h a t  w e  can increase engine rpm and help t h e  cooling flow, but t h a t  in- 
creases the  t i p  Mach number of t h e  propel le r .  So now w e  have t h e  same 
no i se  problem We i n  indus t ry  would p re fe r  t o  decrease t h a t  rpm t o  ge t  
t h e  no i se  down. Outside of t h e  technica l  areas, w e  have t h e  National 
Transportat ion Safety Board (NTSB), pressing u s  f o r  systems f n r  ex- 
panded safe ty .  We obviously f e e l ,  as w e  know most of you do, t h a t  
s a f e t y  should be paramount. 
quirements of t h e  In t e rna t iona l  C iv i l  Aviation Organization (ICAO), 
agreements which are handled by other  segments of t h e  government and 
t o  which w e  must respond. 
us  f o r  more export  sales because general  a v i a t i o n  is  a real gold mine 
f o r  them. W e  have about a $2 hundred mi l l i on  a year favorable  balance 
of t rade .  I cont inua l ly  ge t  comments from t h e  Commerce Department and 
S t a t e  Department on w h a t  can you fellows do t o  do b e t t e r .  
is t h a t  our resources  are not  limitless and, as such, some of them are 
very foo l i sh ly  expended because of t h e  var ious  government agency re- 
quirements. The b e s t  example I can think of is  our  new Lakeland p l an t  
where w e  d id  an  i n d u s t r i a l  engineering survey which r e su l t ed  i n  t h e  in- 
s t a l l a t i o n  of red l i g h t s  a t  eye level t o  warn our employees of a poten- 
t i a l  of f i r e .  A group from OSHA came i n  and sa id  t h a t  people may no t  
be looking and wanted b e l l s ,  very  l a r g e  b e l l s ,  mounted on t h e  w a l l  
wi th  an automatic alarming sensoring system. We took ou t  t he  l i g h t s  and 
put  t h e  b e l l s  on t h e  w a l l s .  It took us 6 months and c o s t  u s  some $15 t o  
$20 thousand. 
noisy even though w e  had the  small ear plugs. 
ones so w e  furnished those. 
with ear muffs couldn't  hear those b e l l s .  Now t h e  r e s u l t  of t h i s  w a s  a 
We've given l i t t l e  o r  no considerat ion i n  our discus- 
A l l  of those d iscuss ions  exclude the  re- 
The Commerce and S t a t e  Department are pushing 
A key i t e m  
Another group came i n  and s a i d  t h e  environment w a s  too 
They wanted t h e  l a r g e  
A t h i r d  group came i n  and s a i d  those people 
study i n  which they came with t h e  so lu t ion  of g e t t i n g  r i d  of t he  b e l l s  
and pu t t ing  eye level l i g h t s  on t h e  plant .  
and they ' re  not  casual .  
yet  i n t e r a c t i n g  on another  is something which w e  have t o  l ive with day 
t o  day. 
j u s t  one engine, one a i r c r a f t ,  and one c e r t i f i c a t i o n  e f f o r t .  
My remarks are not capr ic ious  
The i s o l a t i o n  of one segment of the government 
A very good poin t  w a s  r a i sed  about t h e  t o t a l  problem r a t h e r  than 
Q - C. Renbleske: W i l l  t h e  requirements for the i n s t a l l a t i o n  of engfnes 
incorpera t ing  your concepts be changed i n  such a way t h a t  e x l s t i n g  
airframes w i l l  not  adapt t o  t h a t  concept? 
A - L. Duke: No. As f a r  as t h e  ex i s t ing  a i r f rame goes, I ' m  su re  t h a t  
i t  w i l l  adapt t o  products l i k e  t h i s  i f  w e  could change cowling o r  
mount configurat ion.  Personally,  I th ink  t h a t  i t  is  a good oppor- 
t u n i t y  f o r  t he  a i r f rame manufacturers t o  incorpo/rate new ideas  on 
t h e i r  own as f a r  as aerodynamics or whatever s ince  t h e r e  is  a re- 
c e r t i f i c a t i o n  required here. 
but  t h a t  does present  itself as an apportunfty.  
You may not  be i n  agreement with t h a t ,  
COMMENT - C. Rembleske: Many times we u t i l i z e  t h e  same type of engine 
o r  t h e  same engine with minor modifications i n  seve ra l  of our  air- 
c r a f t .  Each and every one of those  a i r c r a f t  2 s  an ind iv idua l  a i r c r a f t  
and as such must be t r e a t e d  throughout t he  c e r t i f i c a t i o n  program as a 
separa te  and d i s t i n c t  problem, While we map  u t i l i z e  t h e  s a m e  engine, 
w e  very o f t en  f ind  t h a t  t h e r e  are rad fca l  d i f f e rences  between installa- 
t i o n  i n  d i f f e r e n t  a i r c r a f t  models wi th in  our own plant .  Turbine pow- 
ered a i r c r a f t  do not  have t h a t  problem. 
es tab l i shed  t h a t  w i l l  work f o r  one turb ine  engine w e  have found t h a t  
i t ' s  a r e l a t i v e l y  simple t a sk  t o  transform that i n s t a l l a t i o n  t o  another  
a i r c r a f t .  This has not proven t o  be the  case  i n  t h e  rec iproca t inq  type 
i n s t a l l a t i o n s .  There we have found t h a t  only minor v a r i a t i o n s  o r  chan- 
ges i n  t h e  f i n a l  a i r p l a n e  c h a r a c t e r i s t i c s  have es tab l i shed  complete new 
programs and have changed requirements from one a i r c r a f t  model t o  t h e  
other .  It's not a s i m p l e  problem taking one engine and pu t t ing  it i n t o  
a s i m i l a r  a i r c r a f t .  
areas. 
Once a conf igura t ion  has  been 
W e  do have major problems i n  those development 
COMMENT - W. Mirsky: I n  re ference  t o  your u l t r a son ic  carburetor ,  I d id  
q u i t e  a b i t  of work on u l t r a son ic s .  Before 1 did  t h e  work my hearing 
w a s  good. Some years  later my hearing w a s  bad and 1 don't know i f  t he  
u l t r a son ic s  w a s  respons ib le  f o r  t h i s  decrease i n  hearing. I th ink  i t  
might be worth your while t o  ge t  i n  touch wi th  some medical people who 
may have expertise i n  t h i s  area t o  see what t h e  p o t e n t i a l  hea l th  haz- 
a rd  would be when you are exposed t o  t h e  u l t rasonics .  
not hear i t ,  you don't know how much energy i s  involved and you don't 
know what p o t e n t i a l  damage may be occurring t o  your hearing. 
Because you can- 
COMMENT - L. Duke: 
w a s  los ing  my hearing o r  not .  
When w e  w e r e  running t h e  tests T kept wondering i f  I 
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Q - G. Kittredge: I have a quest ion about your v a r i a b l e  valve timing 
p ro jec t  which touches on some o f  t h e  comments t h a t  M r .  Helms  j u s t  
made. It seems t o  me  that t h i s  is a bas ic ,  complex, and presumably 
more c o s t l y  engine change than t h e  o the r  two engine concepts you're 
looking at. It looks as though i t  might have t o  have more arguments 
going f o r  i t  t o  sell t h a t  kind of a change than j u s t  meeting t h e  emis- 
s ions ,  p a r t i c u l a r l y  t h e  C0,-standard.  It would seem reasonable t h a t  
v a r i a b l e  valve t i m e  would a l s o  r e a l i z e  some b e n e f i t s  i n  terms of 
p a r t  t h r o t t l e  f u e l  consumption. Have you looked a t  this i n  your 
ana lys i s  o r  w i l l  1 have t o  w a i t  f o r  experimental data? 
As p a r t  of t h e  a n a l y s i s  i n  NASAVs program, we have looked 
a t  t h e  EPA cyc le  and t h e  variious power levels as t o  w h a t  f u e l  econ- 
omies you can have, pr imar i ly  f o r  level c r u i s e  conditions.  
goa l  is  emissions, but w e  put  an  equal emphasls on f u e l  consumption 
as t o  what we're t ry ing  t o  reduce or  improve. 
A - L. Duke: 
Our f i r s t  
Q - G. Kittredge: 
A - L. Duke: Y e s ,  we do. 
Do you th tnk  t h a t  v a r l a b l e  valve t h i n g  might have 
some payoff f o r  you i n  t h a t  a rea?  
Q - F. Monts: You mentioned t h a t  t he  v a r i a b l e  valve timing concept would 
r equ i r e  new i n s t a l l a t i o n  requirements and perhaps d i f f e r e n t  i n s t a l l a -  
t i o n  concepts. What has  v a r i a b l e  valve timing t o  do with our present  
c o n s t r a i n t s  i n  i n s t a l l a t i o n ?  
A - L. Duke: As I see it, t h e  cont ro l l ing  f a c t o r  is t h e  ac tua t ing  mech- 
anism. If w e ' r e  t a lk ing  about something tha t ' s  automatical ly  con- 
t r o l l e d  and can be contagned wstthin t h e  e n g h e  that's one thing. I f  
w e ' r e  t a lk ing  about an e l e c t r o n i c  con t ro l  t h a t  has t o  be separated 
o r  divorced from t h e  engine, t ha t ' s  q u i t e  something else. The prob- 
lems may not  be metal bending but could be new problems of i n s t a l l i n g  
t h a t  c o n t r o l  u n i t  i n  an  a i r c r a f t ,  regard less  of whether it's e l ec t ron ic  
o r  hydraul ic .  
Q - F. Monts: W i l l  t h e  u l t r a son ic  concept t o  make carbure tors  vaporize 
f u e l  b e t t e r  work with a hor izonta l  type of carburetor  as w e l l  as an 
updraf t  carburetor?  
although it may r equ i r e  a l i t t l e  modif icat ion t o  t h e i r  design. 
A - L. Duke: Y e s ,  from a l l  ind ica t ions  we have from Autotronics i t  w i l l  
Q - H. Nay: Is one i n s t a l l a t i o n  e f f e c t  of t h e  v a r i a b l e  valve timing a 
A - L. Duke: Y e s ,  I n  t h i s  design we're t a l k i n g  about a cam s h a f t  t h a t  
s i g n i f i c a n t  weight increase? 
has  doubled i n  weight. 
about a heavier  i n s t a l l a t i o n  r i g h t  now. 
This is an e a r l y  deslgn so we are t a lk ing  
Q - H. Nay: I n  your presenta t lonayes te rday  on 10-360 work you showed it  
as being b a s i c a l l y  high idea l ized ,  under labora tory  condi t ions,  with 
t h e  f u e l  c o n t r o l  ad jus ted  a f t e r  t h e  engine w a s  warmed up. 
condi t ions,  t h e  EPA standards levels of emissions could be m e t .  1 
didn ' t  see any allowance f o r  t h e  real world production tolerances.  
Could you g ive  us  a n  estimate of w h a t  those  production to le rances  
Under those 
265. 
I I  
would be? 
dependent on a y e t  t o  be developed automatic mixture  con t ro l  device 
t o  use  %n the low power range as w e l l  as the app l i ca t ion  of e x i s t i n g  
technology i n  automatic mixture  con t ro l  devices  appl,icable t o  t h e  
higher power range, . I'd a l s o  l ike you t o  connaent s p e c i f i c a l l y  on t h e  
production to le rances  expected with t h e  auttmatic mixture con t ro l  
devices.  
A - L. Duke: 
t o  98 percent  of t h e  CO l i m i t .  There w e r e  no production to le rances ,  
no real world s i t u a t i o n s .  
which w a s  t h e  o the r  case shown on t h a t  graph, caused the CO t o  go up 
t o  140 percent  of t h e  l i m i t .  With no compensa'tion a t  a l l ,  you were 
up t o  some 40 percent  over t h e  l i m i t .  Adding gn t h e  production t o l -  
erances of t h e  i n j e c t o r s  t h a t  are being produced now, t h a t  140 per- 
cen t  would be t h e  minimum obtainable.  An engineering estjmate of 
t h e  CO with a r i c h  l i m i t  system would be 160 OK 170 percent  of t h e  
l i m i t .  The production band spread that we , s a w  i n  t h e  normally as- 
p i r a t ed  engine t e s t e d  showed a 20 t o  30 percent  v a r i a t i o n  i n  t h e  
emissions a t  t h e  same mode. 
being anywhere from 100 t o  200 percent of t h e  l i m i t .  
as much as a 100-percent spread i f  you took away a l l  of t hese  nicit ies 
t h a t  were shown. 
automatic mixture  con t ro l  because it's not  a pe r fec t  i t e m  and w i l l  
have v a r i a t i o n s .  
2 t o  3 percent  v a r i a t i o n  on fue l -a i r  r a t i o .  
number as t o  w h a t  the o v e r a l l  r e f l e c t e d  emissions would be, but  it 
could be some 20 percent. 
Also, t h e  reduct ion  in CO w i t h  t,hat qpproach .Is t o t a l l y  
W e  d i d  show an idea l ized  case f u l l y  compensated t h a t  came 
Taking of f  t h e  Gompensating hardware, 
Essentially ' ,  we're t a l k i n g  about t h e  CO 
There could be 
Some to le rance  band s t i l l  exists on i n s t a l l i n g  t h e  
I would guess those v a r i a t i o n s  have on t h e  order  of 
I c a n t t  come up with a 
Q - L. Helms: The u l t r a son ic  f u e l  vaporizat ion device was  shown mounted 
ex te rna l ly  down below t h e  oil sump. 
would be buried i n s i d e  the  o i l  pump i n  a f i n a l  configurat ion.  
te rday ' s  d i scuss ion  showed t h e  o i l  temperature r i s i n g  i n  t h r e e  cases 
to  an  unacceptable level, which was  very  su rp r i s ing  t o  me. 
t h e  displacement wi th in  t h e  sump of even that amount of o i l  r equ i r e  
a l a r g e r  sump? 
problem which e n t a i l s  a major o i l  cooler  development? 
we're t a lk ing  about. 
horsepower engine; here  we're ta lk ing  about carbureted engines, pre- 
sumably of t h e  lower hp range. 
there .  But t h a t ' s  something t h a t ' s  so f a r  down t h e  road we have not  
even s t a r t e d  t o  consider  i t  y e t .  
It w a s  s t a t e d  that t h e  device 
Y e s -  
Would 
Secondly, is i t  poss ib le  t h a t  w e ' r e  c r ea t ing  a new 
A - L. Duke: I don't  know t h e  answer because of t h e  d i f f e rence  i n  engines 
Before we were t a lk ing  about an  10-360, 200 
W e  could d e f i n i t e l y  have a problem 
Q - G. Rembleske: I n  t h i s  u l t r a s o n i c  f u e l  vapor iza t ion  system t o r  car- 
bureted engines, what e f f e c t  w i l l  t h a t  have on t h e  ice forming char- 
acteristics on t h e  var ious ' types  of carbureation-type systems w e  
have today? 
It is a poten&al problem, but  i t  is far down t h e  develop- 
ment s t a g e  and i t  is  something that is  i n  t h e  service and engine 
c e r t i f i c a t i o n  t e s t i n g  area. 
answer on a test s tand;  i t  has  t o  come from in - f l i gh t  t e s t ing .  
A - L. Duke: 
It i s  something t h a t  w e  cannot r e a l l y  
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Q - C. Rembleske: 
A - L. Duke: I do not.  
Do you know of any work t h a t  has  been a c t u a l l y  done 
i n  that area relative t o  t h i s  type of carbure t ion  system? 
Q - C. Gonzalez: Have you considered coupling t h e  v a r i a b l e  valve timing 
wi th  t h e  i g n i t i o n  t iming changes s ince  they both involve an accessory 
o r  gear  case s h i f t i n g  device on t h e  back of t h e  engine? 
We are approaching t h e  program as i f  t h e r e  are separa te  
and ind iv idua l  concepts t o  be studied. A t  t h e  end of t h e  program 
the re  may be an  opportuni ty  t o  combine high energy spark with var- 
i a b l e  valve timing o r  even changing t h e  timing of t h e  ign i t ion .  I f  
Continental  can show progress  i n  v a r i a b l e  i g n i t i o n  timing, perhaps 
t h a t ,  i n  conjunction with our improved spark,  would be a good over- 
a l l  system. 
A - L. Duke: 
Q - C. Gonzalez: 
system, w i l l  i t  f a i l  i n  such a way t h a t  t h e  system w i l l  develop f u l l  
power? 
It would haye t o  f a i l  $n f u l l  power s ince  s a f e t y  is one of 
our critersta. 
En t h e  event of a malfunction on t h e  valve timing 
A - L. Duke: 
Q - C. Gonzalez: If you go t o  a vapor iza t ion  system, obviously you need 
an  electrical source. 
consequences of t h i s  electrical source becoming i n a c t i v e  and re- 
s u l t i n g  i n  t h e  u l t r a son ic  device becoming inoperat ive? 
considering an  automatic enrichment under those  conditons? 
lean  t h a t  w e  s a w  w e  were i n  t rouble  i f  w e  turned t h e  u l t r a son ic  vap- 
o r i z e r  o f f .  We have conducted tests on t h e  dynamometer where we r an  
with t h e  vaporizer  on and o f€  and d id  not  see any measurable power 
d i f fe rence .  My f i r s t  impression i s  t h a t  t h e  vapor izer  does not  a f f e c t  
a gross  term such as horsepower as  it does the  m'inuscule term of 
emissions. 
A r e  you considering one? What would be t h e  
A r e  you 
A - L. Duke: We've not  gone as f a r  as  running l ean  o r  as running so 
There is  no power penal ty  t o  pay. 
Q - D. Page: It looks l i k e  we're a t tack ing  t h i s  problem piece  m e a l .  
I u l t imate ly  fo re see  an engine with both t h e  v a r l a b l e  cam timing 
and t h e  u l t r a s o n i c  carburetor .  It could be poss ib le  t h a t  you'd wish 
t o  have an i d l e  range carbure tor  and run t h e  engtne under power con- 
d i t i o n s  wi th  a f u e l  i n j e c t i o n  system. The FAA, of course,  i s  going 
t o  look a t  i t  with an extremely jaundiced eye. I f  i t  w e r e  my region 
I would probably g ive  t h e  manufacturer a real physical  f i t n e s s  pro- 
gram. 
rangles  me. I ' m  saying maybe w e ' l l  g e t  down t o  t h e  year  1982 o r  
1984 and then w e ' l l  d iscover  we can't f i r e  what we've got  i n  t h e  
cylznder.  You don't  know what t h e  
g i r l  looks l i k e  till you g e t  t h e  last  p iece  i n  t h e  puzzle and i t  
scares m e  t o  start  out  on a program l i k e  t h i s  without knowing t h a t  
all pieces of t h e  puzzle are i n  the  box. Do you have any comments 
as t o  what you conceive might be out  t h e r e  t h a t  you haven't even 
through of ye t ?  
There's something about t he  development schedule shown that 
This i s  l i k e  a j igsaw puzzle. 
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A - L. Duke: Those kinds of ques 
have a d e f i n i t e  progr 
engines. I f  I want t 
t o  one c e r t i f i  
I know w h a t  go 
t e l l  you i n  3 
programs are d i f f e ren t .  T 
is no one answer t o  a l l  t h e  questions.  
sume that if everything go 
happen. 
COMMENT - G. Baneriaq: 1 th ink  that there ' s  a b i  
t he  real motivation of NASA research  is. Most of you know t h a t  NASA re- 
search, l i k e  m i l i t a r y  research,  is d i rec t ed  t o  long range so lu t ions .  W e  
want t o  provide a good d a t a  bank f o r  decis ionmaking f o r  f u t u r e  systems. 
Unfortunately, from yesterday 's  v i r t u a l l y  tweaking of t h e  engine, t o  to- 
day's r a d i c a l  changes, t h e r e  i s  confusion t h a t  seems t o  imply t h a t  our 
main motivation fs t o  help tndus t ry  t o  comply with t h e  1979 standards.  
That's not our main reason t o  be i n  business.  
doing th ings  that may be adaptable;  f o r  instance,  u l t r a son ic  f u e l  vapor- 
i z a t i o n  may be adopted i n  time. 
behind our research.  
which is downstream and t h e  d a t e s  of implementatkm. 
fac tory  complet2on are contingement on t h e  success of t h e  technica l  pro- 
gram and t h e  amount of funds t h a t  are put i n t o  i t ,  
and eventua l ly  we w i l l  have systems t h a t  are t o t a l l y  in tegra ted ,  t h i s  in -  
c ludes t h e  i g n i t i o n  and t h e  carbure t ion  systems. Even thQWLh S12m de- 
ments may be heavier  than t h e  cam s h a f t ,  u l t ima te ly  they should lead t o  
a higher e f f i c i ency  system with t h e  po l lu t ion  a spec t s  taken care of con- 
cur ren t ly .  
necessa r i ly  t o  he lp  you comply wi th  t h e  1979 standards.  
t 
- 
Now, i t ' s  true that we are 
But t h a t ' s  not  t h e  main motivation 
W e  want t o  e s s e n t i a l l y  t e l l  you about t he  technology 
The da te s  of satis- 
W e ' l l  uncover problems 
Our program is  e s s e n t i a l l y  a long range one and not  meant 
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